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ABSTRACT: Crossbred pigs (n = 120) from Duroc sires mated to Landrace × Large White dams, with a mean BW of 110.5 ± 2.3 kg, were used to investigate the effect of increasing the slaughter weight of gilts with regard to that of the barrows on the production of high quality dry-cured hams from Spain (Teruel ham). There were 3 treatments: barrows slaughtered at 130 kg of BW (B), gilts slaughtered at 130 kg of BW (G1), and gilts slaughtered at 134 kg of BW (G2). Growth performance was similar for G1 and G2, and both consumed less feed (P < 0.001) and had less BW gain (P < 0.05) and better G:F (P < 0.01) than B. Also, the B treatment showed thicker backfat (P < 0.001) and covering fat over the gluteus medius (GM) muscle (P < 0.05) than G1 or G2, but no differences in carcass fat were detected between G1 and G2. Loin and ham yields were similar for B and G2, and both were less than those for G1 (P < 0.01). Treatment did not affect the proportion of carcasses with a minimum weight of 84 kg, but the percentage of carcasses with a minimum fat depth over the GM muscle of 18 mm and the percentage of carcasses that fulfill both requirements (as required for the Teruel ham trademark) were less for G1 than for B or G2 (P < 0.001). Meat from B had greater (P < 0.05) intramuscular fat content than meat from G1 with loin from G2 being intermediate. Thawing losses of the loins were greater (P < 0.05) for B than for G2 with loins from G1 being intermediate. Shear force value was greater for meat from G1 than for that from G2 with meat from B being intermediate (P < 0.05). Fat over the GM muscle from the B treatment was more saturated and had decreased PUFA/ SFA ratio than that from G1 with fat from G2 being intermediate (P < 0.001). Also, backfat from the B treatment showed decreased (P < 0.01) PUFA proportion than backfat from G1 or G2. We conclude that increasing the slaughter weight of gilts by 4 kg with respect to that of barrows optimized the 2 criteria used for the selection of carcasses destined for the production of Teruel ham.
INTRODUCTION
Spain is the world leader in dry-cured ham and shoulder production with a total of 46 million pieces in 2006 (Ministerio Medioambiente, Medio Rural y Marino, 2008) . Currently, the only dry-cured ham trademark accepted by the Spanish government (protected origin) from traditional heavy white pigs is Teruel ham. The production of Teruel hams has increased drastically in recent decades from 2,000 pieces in 1985 to 580,000 in 2007 (Consejo Regulador Denominación Origen Jamón de Teruel, 2008) .
The protected origin Teruel ham establishes a minimum of 84 kg for carcass weight and a fat thickness over the gluteus medius (GM) muscle of 18 mm to improve the uniformity and quality of the end product (Boletín Oficial de Aragón, 1993) . In a recent study, Latorre et al. (2008a) concluded that when barrows and gilts are slaughtered at the same age, an average slaughter weight (SW) of 130 kg maximizes growth performance and carcass quality of the pigs. When pigs are slaughtered at this average SW, all the carcasses from barrows were suitable for Teruel ham production but 33% of the carcasses from gilts were rejected because of limited amount of fat depth (Latorre et al., 2007a) . Studies by Latorre et al. (2003a,b) and Peinado et al. (2008) found that the industry of dry-cured hams from heavy pigs had a preference for carcasses from barrows. However, an increase of the SW of gilts with regard to that of the barrows might be a sound strategy to optimize the percentage of carcasses that fit the requirements for the Teruel ham trademark. Indeed, although an increase in SW may limit growth rate (Weatherup et al., 1998) , it also increases lipid deposition in the lean tissue and in the backfat (Latorre et al., 2004; Lo Fiego et al., 2005) , making the carcasses from this sex more suitable for Teruel ham production. Therefore, the aim of this study was to investigate the effect of increasing the SW of gilts with regard to that of the barrows on the acceptance ratio of carcasses destined to the production of Teruel ham.
MATERIALS AND METHODS
All the experimental procedures used in this study were in compliance with the Spanish guidelines for the care and use of animals in research (Boletín Oficial del Estado, 2005).
Animal Welfare, Husbandry, and Growth Performance A total of 120 crossbred pigs of a BW of 110.5 ± 2.3 kg (176 ± 3 d of age) were used. All pigs were the progeny of Duroc sires (Asociación Turolense de Industrias Agroalimentarias, Teruel, Spain) and Landrace × Large White dams (Hypor España G.P., Barcelona, Spain). Males were castrated at 5 ± 3 d of age. On arrival at the farm, pigs were randomly allotted to 12 groups of similar initial BW within sex. There were 3 treatments: barrows slaughtered at 130 kg of BW (B, 196 d of age) , gilts slaughtered at 130 kg of BW (G1, 203 d of age), and gilts slaughtered at 134 kg of BW (G2, 210 d of age).
Pigs were housed in 80% slotted floor pens (3.50 m × 3.00 m) in a natural environment barn and had free access to pelleted diet and water throughout the trial. The diet used was formulated to meet or exceed the requirements of pigs (NRC, 1998 
Slaughtering, Carcass Quality Traits, and Requirements for Teruel Ham
The day previous to slaughter, feed was withheld for 7 h and pigs were weighed and transported 100 km to a commercial abattoir (Jamones y Embutidos Altomijares, S.L., Teruel, Spain), where they were kept in lairage for 10 h with full access to water but not to feed. Pigs were electrically stunned (225 to 380 V/0.5 A for 5 to 6 s), exsanguinated, scalded, skinned, eviscerated, and split down the midline according to standard commercial procedures. Hot carcass weight was individually recorded and used to calculate dressing percentage. Carcass weight is the first criterion used to identify carcasses that are suitable for the production of Teruel ham. Consequently, carcasses that weighed less than 84 kg were not acceptable.
At 45 min postmortem, carcass length from the posterior edge of the symphysis pubis to the anterior edge of the first rib, ham length from the anterior edge of the symphysis pubis to the hock joint, and ham circumference at its widest were measured on the left side of each carcass using a flexible ruler with a precision of 0.5 mm. In addition, fat depth over the GM muscle, and backfat thickness (BF) between the 3rd and 4th last ribs on the midline of the carcass (skin included) were measured. Fat depth over the GM muscle is the second criterion used to identify those carcasses that are suitable for Teruel ham. Therefore, carcasses with fat depth over the GM muscle less than 18 mm were not acceptable.
The head was removed at the atlanto-occipital junction, and carcasses were suspended in the air and refrigerated at 2°C (1 m/s; 90% relative humidity) for 2 h. Afterward, carcasses were processed according to the simplified EC reference method (Branscheid et al., 1990) . Then, loins, hams, and shoulders were trimmed of external fat and weighed to calculate trimmed loin, ham, and shoulder yields. The trimming process consisted of eliminating part of the external fat and skin to fit commercial requirements and was performed by qualified personnel of the abattoir.
Meat Quality Analyses
Muscle pH was measured in the left semimembranosus (SM) muscle of each carcass at 45 min and at 24 h postmortem using a portable pH meter equipped with a glass electrode (model No. 52-00, Crison Instruments S.A., Barcelona, Spain). After collection of carcass and pH data, 48 carcasses were randomly selected (4 carcasses per each pen) for meat quality evaluation. A section of 500 ± 20 g of LM muscle was excised at the level of the last rib from each left loin of carcass. Meat samples were stored in individual plastic bags and vacuum-packaged at −20°C until subsequent analyses. When required, the LM samples were thawed in vacuum-package bags for 24 h at 4°C, removed from packages, blotted dry for 20 min, and weighed. Thawing losses were calculated by dividing the difference in weight between the fresh and thawed samples by the initial fresh weight. Meat color was evaluated with a chromameter (CM 2002, Minolta Camera, Osaka, Japan) previously calibrated against a white tile according to manufacturer recommendations. The average of 3 random readings was used to measure lightness (L*, greater value is indicative of a lighter color), redness (a*, greater value is a indicative of redder color), and yellowness (b*, greater value is indicative of a more yellow color). Additionally, chroma (c*) and hue angle (H°) were calculated as c* = √(a* 2 + b* 2 ) and as H° = arctg (b*/a*), respectively being indicative of the intensity of the color (Wyszcecki and Stiles, 1982) .
Intramuscular fat (IMF), CP, and moisture content of the samples were determined with a near infrared transmittance meat analyzer (Infratec 1265, Tecator, Höganäs, Sweden) by spectroscopy between 800 to 1,100 nm. The chops were trimmed free of intermuscular fat, minced, and distributed in the cup ring equipped with a plastic bottom plate with 100-mm diameter and 15-mm deep. The monochromator contained a 50-W tungsten lamp and a diffraction grating that created monochromatic light.
Cooking losses were determined by the method described by Honikel (1998) . Briefly, a LM slice (200 ± 20 g) was taken from each chop, weighed, placed in a plastic bag, and cooked to an internal temperature of 70°C in a 75°C water bath (Precisterm, J.P. Selecta S.A., Barcelona, Spain). Internal temperature was monitored during cooking with a hand-held temperature probe (model HI 9063, Hanna Instruments, Woonsocket, RI). Cooked samples were allowed to cool at 15°C for 30 min, blotted dry, and weighed. The difference between preand postcooking weights was divided by the precooked weight to calculate cooking loss percentage. Afterwards samples were cut parallel to the long axis of the muscle fibers into rectangular cross-section slices, 10-mm × 10-mm and 30-mm length. Slices (8/chop) were sheared perpendicular to the fiber orientation with a WarnerBratzler device attached to an Instron Universal testing machine attached to a PC (Instron model 5543, Instron Ltd., Buckinghamshire, UK) and equipped with a 5-kg load cell and a crosshead speed of 150 mm/min.
Subcutaneous Fat Quality Analyses
From the same carcasses used for meat evaluation, subcutaneous fat samples, including fat layers, skin, and lean, were taken at the tail insertion in the coxal region of the left side, stored in individual plastic bags, and vacuum-packaged at −20°C until subsequent analysis. Briefly, a 200-mg sample of subcutaneous adipose tissue was homogenized and saponified and the fatty acids were extracted, methylated, and analyzed with a gas chromatograph (Autosystem XL Agilent Technologies 6890N Net Work GC System, Perkin Elmer, Boston, MA) equipped with a flame ionization detector, a Hamilton injector, and a Omegawax 320 capillary column (30 m × 0.32 mm with a film thickness of 0.25 µm; Supelco, Bellefonte, PA) with 0.4 mL/min of He as the carrier gas. The temperature of the inlet detector was 260°C, and the initial temperature of the oven was 190°C for 2 min, increasing to 205°C at a rate of 5°C/ min for 3 min. Total SFA, MUFA, PUFA, unsaturated fatty acids (UFA = MUFA + PUFA), and PUFA/SFA ratio were calculated.
Statistical Analyses
Data were analyzed as a completely randomized design using the GLM procedure (SAS Inst. Inc., Cary, NC). The model included the treatment (B, G1, and G2) as the main effect. The experimental unit for growth performance traits was pen (10 pigs per pen), whereas the experimental unit for carcass, meat, and fat quality evaluation was pig. Each of the 3 treatments was replicated 4 times for growth performance, 40 times for carcass quality, and 16 times for meat and fat quality. Means were computed and separated by a t-test, and P < 0.05 was classified as a significant difference, whereas a P-value between 0.05 and 0.10 was classified as a tendency.
RESULTS

Growth Performance
Mortality was 2.5% and was not related to treatment (data not shown). No differences among treatments were detected for initial BW (Table 2) . Also, no effect of treatment was found on ADG, ADFI, or G:F by periods (from 176 to 196 d of age and from 196 to 203 d of age). For the entire experiment, B consumed more feed (P < 0.001) and had greater ADG (P < 0.05) and worse G:F (P < 0.01) than G1 or G2. No differences in growth performance were observed between G1 and G2.
Carcass Quality Traits and Requirements for Teruel Ham
Despite the lack of difference in carcass weight among treatments, G1 carcasses had greater (P < 0.05) dressing yield than B carcasses, with G2 being intermediate ( Table 3 ). The carcass length was similar for G1 and B carcasses but was shorter (P < 0.05) than for G2 ones. However, ham length tended to be larger in G1 and G2 than in B (P = 0.06). Backfat and fat depth over the GM muscle were thicker (P < 0.001 and P < 0.05, respectively) in B carcasses than in G1, with G2 carcasses being intermediate. The weight of trimmed shoulders and hams were similar among treatments, but G1 tended to have heavier loins than B with G2 being intermediate (P = 0.06). However, loin and ham yields were less for B and G2 than for G1 (P < 0.01).
Consequently, G1 had greater (P < 0.05) trimmed primal cut yield (shoulder, loin, and ham) than B or G2. Treatment did not influence the proportion of carcasses that weighed more than 84 kg. However, the percentage of carcasses with a minimum of fat at GM of 18 mm was less for G1 than for B or G2 (P < 0.001). Consequently, the proportion of suitable carcasses for Teruel ham (that fulfill both requirements) was greater (P < 0.001) for B and G2 than for G1.
Meat Quality Traits
No effect of treatment was detected on pH at 45 min or at 24 h postmortem in the SM muscle (Table 4) . Loin from B tended to have greater (P = 0.07) L* value and had (P < 0.05) greater thawing losses than loin from G2 with G1 being intermediate. Meat from G1 had greater (P < 0.05) shear force than meat from G2 with that of B being intermediate. Loin from B had greater (P < 0.05) IMF content than loin from G1 with G2 being intermediate. However, LM from B had less (P < 0.01) CP content than LM from G1 and G2.
Subcutaneous Fat Quality
The fat cover of GM muscle of G1 had less content of C16:0 (P < 0.01) and of C20:1 (P < 0.05) than that of B and G2 (Table 5 ). Fat from B had less proportion of C16:1 (P < 0.05) and C18:3 (P < 0.01) but greater of C20:0 (P < 0.001) than fat from G1 with that from G2 being intermediate. Subcutaneous fat from B had Within a row, means without a common superscript letter differ (P < 0.05). 1 B = barrows slaughtered at 130 kg of BW; G1 = gilts slaughtered at 130 kg of BW; G2 = gilts slaughtered at 134 kg of BW.
Optimizing ham production by heavier gilts greater content of C18:0 and less of C18:2 than fat from G1 or G2 (P < 0.001). In addition, fat from B had greater (P < 0.001) SFA and less (P < 0.001) UFA and PUFA/SFA ratio than fat from G1 with that from G2 being intermediate. No differences among treatments were detected on MUFA proportion. Subcutaneous fat from B had less (P < 0.01) PUFA percentage than fat from G1 and G2.
DISCUSSION
Growth Performance
No differences were detected among treatments for initial BW, which disagrees with previous reports that have shown that barrows are heavier than gilts at similar age (Latorre et al., 2003a,b; Peinado et al., 2008) . At the end of the trial, B consumed more feed and had better ADG and worse G:F than G1. Several authors have reported greater ADG and ADFI in barrows than in gilts, which resulted in an impairment in G:F (Leach et al., 1996; Augspurger et al., 2002) . In fact, Latorre et al. (2008b) found a high positive correlation (+0.81) between ADG and ADFI in gilts from 3 different pig genotypes. The ADFI was similar for G1 and G2, which is in agreement with Latorre et al. (2004 Latorre et al. ( , 2008a in pigs from 115 to 140 kg of BW. In addition, no differences were observed in ADG and G:F between G1 and G2, results that disagree with Ellis et al. (1996) and Peinado et al. (2008) who reported that both traits were impaired with SW. Probably, the reason of the discrepancies is that the rage of SW studied by these authors was larger (from 80 to 120 kg and from 114 to 122 kg, respectively) than that studied in the present trial.
Carcass Quality and Requirements for Teruel Ham
Results reported in the literature on the effect of sex on carcass yield in pigs slaughtered at the same age are contradictory Lo Fiego et al., 2005; Peinado et al., 2008) . In the present study, G1 carcasses presented greater dressing yield than B. On the other hand, no differences were detected in dressing percentage between G1 and G2. Virgili et al. (2003) with pigs slaughtered from 140 to 180 kg of BW and Correa et al. (2006) with pigs slaughtered from 105 to 125 kg of BW found that dressing percentage improved as SW increased, probably because the range of SW studied was larger than that in the current experiment. Finally, no differences in carcass yield were detected between B and G2.
As usually reported in the literature (Weatherup et al., 1998; Latorre et al., 2008a) , B had fatter carcasses than gilts (G1 and G2) as a result of the greater ADG and decreased G:F ratio of this sex. Our data indicate that G1 and G2 had similar carcass fat, which is consistent with data of Albar et al. (1990) and Latorre et Within a row, means without a common superscript letter differ (P < 0.05). 1 B = barrows slaughtered at 130 kg of BW; G1 = gilts slaughtered at 130 kg of BW; G2 = gilts slaughtered at 134 kg of BW. 2 According to Boletín Oficial de Aragón (1993). 3 Carcasses fulfill both above requirements.
al. (2003a) with pigs between 115 and 125 kg of BW and 120 and 135 kg of BW, respectively. However, the results are in contrast with most studies (Cisneros et al., 1996; Latorre et al., 2004 Latorre et al., , 2008a , which reported that carcass fat increased linearly with SW.
Gilts usually present longer carcasses than barrows at the same weight (Leach et al., 1996; Correa et al., 2006) , but in this study this difference was only evident in heavier gilts. The 1.3-cm difference in carcass length between gilts might be related to the increase in SW as already reported by several studies (Cisneros et al., 1996; Latorre et al., 2008a) . However, ham length did not increase with increases in SW in gilts. Latorre et al. (2004 Latorre et al. ( , 2008a demonstrated that this measure increased linearly at a rate of around 1.0 cm for each 10 kg of BW. In general, slaughterhouses prefer shorter carcasses because they are easier to manipulate. However, consumers of hams in Spain show a preference for long and narrow pieces because longer hams are associated with better quality (Serrano et al., 2008) .
As repeatedly reported in the literature (Unruh et al., 1996; Latorre et al., 2003b) , gilts presented greater loin and ham yield than barrows at the same SW. However, when gilts were slaughtered at a heavier weight, the yield of these primal cuts was the same as in barrows. The decrease in lean cut yield with SW increase has been also reported by Virgili et al. (2003) and Latorre et al. (2004 Latorre et al. ( , 2008a ) because growth rate is less for primal cuts than for the whole body.
All B carcasses were suitable for Teruel ham production. Greater proportions of B and G2 carcasses than G1 (by 20 and 17.5%, respectively) were scored as suitable for Teruel ham production based on minimum fat cover thickness. In addition, no significant difference was found between B and G2 on this proportion.
Meat Quality
No effect of sex or SW was found on pH at 45 min or at 24 h postmortem in the SM muscle, which agrees with previous studies (Cisneros et al., 1996; García-Macías et al., 1996; Leach et al., 1996) . Also, the color was similar for all the treatments, which agrees with several authors (Leach et al., 1996; Unruh et al., 1996; Latorre et al., 2004) , indicating that color traits are not affected by sex or SW. However, B meat was more exudative than G2 meat, which could suggest greater water holding capacity of meat from gilts. Also, G2 loin had less resistance to cutting than G1 loin, indicating that an increase in SW could provide more tender meat, in agreement with Candek-Potokar et al. (1998) . As in previous studies (Cisneros et al., 1996; Weatherup et al., 1998) , greater IMF and decreased CP contents have been found in loins from barrows compared with gilts at similar SW. The greater IMF content reflects the greater fat deposition in the carcass. The 4-kg SW increase resulted in 11.1% greater IMF content in gilts, but this difference was not significant. Several authors have been reported an improvement in IMF as SW increased in pigs (Candek-Potokar et al., 1998; Weatherup et al., 1998) because the range of SW studied was larger (from 100 to 130 kg and from 92 to 125 kg, respectively) than that in the present trial. Finally, no differences in IMF content were detected between loins from B and G2. A greater IMF has been Within a row, means without a common superscript letter differ (P < 0.05). 1 B = barrows slaughtered at 130 kg of BW; G1 = gilts slaughtered at 130 kg of BW; G2 = gilts slaughtered at 134 kg of BW.
Optimizing ham production by heavier gilts associated with more juiciness and greater acceptability of the meat (Barton-Gade, 1987; Ellis et al., 1996) .
Subcutaneous Fat Quality
In agreement with several studies (Pieszka et al., 2006; Latorre et al., 2007b) , sex influenced the SFA, PUFA, and UFA contents of the ham fat cover, with greater concentrations of C16:0, C18:0, and total SFA and decreased proportions of C18:2, C18:3, and total PUFA and UFA being found in B compared with G1. The increase in SW resulted in greater SFA content in gilts, mainly due to greater C16:0 concentrations. However, G2 fat was still more unsaturated (greater C18:2, C18:3, and PUFA and UFA contents) than that from B. As reported by Latorre et al. (2007b) , UFA content tended to decrease as SW increased based on the inverse relationship between lipid deposition (or fatness) and fat unsaturation rate (Raj et al., 2005) . The greater unsaturation of fat and the greater proportion of hams with C18:2 > 15% in fat in G1 or G2 than in B (7, 46, and 31% for B, G1, and G2, respectively, data not shown) may induce fat softness problems and reduce shelf life of the dry-cured product (Wood et al., 1985 (Wood et al., , 2008 . On the other hand, the PUFA/SFA ratio reduced as SW increased in fat from females (from 0.44 to 0.40), but in both cases was greater than that from B (0.36). This indicates that hams from barrows might provide less balanced fatty acid intake to the consumers because a value above 0.4 is recommended (Wood et al., 2003) .
In conclusion, barrows showed better ADG and worse G:F than gilts. The increase of SW did not impair growth performance in gilts but made their hams more suitable for Teruel ham production because of the increased minimum cover fat thickness. Based on the reduced proportion of SFA, limited increase in PUFA, and adequate PUFA/SFA ratio, Teruel ham obtained from heavier gilts would be of greater technological quality and may provide a balanced fatty acid intake for consumers. Therefore, increasing the SW of gilts in 4 kg with respect to that of barrows might be a viable strategy to optimize the economics of production of Teruel ham.
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